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MULTILAYER CERAMIC CAPACITOR AND
BOARD HAVING THE SAME MOUNTED
THEREON

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0068498 filed on Jun. 14, 2013,
with the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to a multilayer
ceramic capacitor and a board having the same mounted
thereon.

[0003] In accordance with the recent trend toward minia-
turization and high capacitance of electronic products, elec-
tronic components used in the electronic products are
required to have a small size and high capacitance. Therefore,
a demand for a multilayer ceramic electronic component has
been increased.

[0004] In the case of a multilayer ceramic capacitor, as
equivalent series inductance (hereinafter, referred to as
“ESL”) increases, performance of an electronic product may
deteriorate. In addition, in a case in which an electronic com-
ponent is miniaturized and capacitance thereof is increased,
the influence of an increase in ESL on deterioration in per-
formance of the electronic product has relatively increased.
[0005] A so-called “low inductance chip capacitor (LICC)”
is to decrease inductance by decreasing a distance between
external terminals to shorten a current flow path.

[0006] Meanwhile, the multilayer ceramic capacitor may
have a structure in which a plurality of dielectric layers and
internal electrodes having opposite polarities and having at
least one of the dielectric layers interposed therebetween are
alternately stacked.

[0007] Since the dielectric layers have piezoelectric and
electrostrictive properties, when direct current (DC) or alter-
nating current (AC) voltage is applied to the multilayer
ceramic capacitor, a piezoelectric phenomenon may occur
between the internal electrodes, causing vibrations.

[0008] Such vibrations may be transferred to a printed cir-
cuit board on which the multilayer ceramic capacitor is
mounted through a solder, such that the entire printed circuit
board may become an acoustic reflection surface to transmit
the sound of vibrations as noise.

[0009] Vibration noise may have a frequency correspond-
ing to an audio frequency within a range of 20 to 20000 Hz,
potentially causing listener discomfort. The vibration noise
causing listener discomfort, as described above, is known as
acoustic noise.

[0010] Research into a technology of reducing the acoustic
noise in a multilayer ceramic capacitor is still demanded.

SUMMARY

[0011] An aspect of the present disclosure may provide a
multilayer ceramic capacitor and a board having the same
mounted thereon.

[0012] According to an aspect of the present disclosure, a
multilayer ceramic capacitor may include: a ceramic body
including dielectric layers and having first and second main
surfaces opposing each other, first and second side surfaces
opposing each other, and first and second end surfaces oppos-
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ing each other; an active layer configured to form capacitance
by including a plurality of first and second internal electrodes
disposed to face each other with at least one of the dielectric
layers interposed therebetween and alternately exposed to the
first or second side surface; upper and lower cover layers
disposed on and below the active layer, respectively; and a
first external electrode disposed on the first side surface of the
ceramic body and electrically connected to the first internal
electrodes and a second external electrode disposed on the
second side surface and electrically connected to the second
internal electrodes, wherein when a thickness of the ceramic
body is defined as T and a width thereof is defined as W,
0.75W=T=1.25W may be satisfied, when a gap between the
first and second external electrodes is defined as G, 30
um=G=0.9W may be satisfied, and an average number of
dielectric grains in a single dielectric layer in a thickness
direction thereof may be 2 or greater.

[0013] The lower cover layer may have a thickness of 10
um to 100 pm.
[0014] Whenthe thickness ofthe ceramic body is a distance

between the first and second main surfaces, the width of the
ceramic body is a distance between the first side surface on
which the first external electrode is formed and the second
side surface on which the second external electrode is formed,
and alength of the ceramic body is a distance between the first
and second end surfaces, the distance between the first and
second side surfaces may be shorter than or equal to the
distance between the first and second end surfaces.

[0015] When the length and the width of the ceramic body
are defined as L. and W, respectively, 0.5L=W=L may be
satisfied.

[0016] Anaverage grain size of the dielectric grains may be
50 nm to 500 nm.

[0017] The first and second internal electrodes may be
spaced apart from the first and second end surfaces of the
ceramic body by a predetermined distance.

[0018] The first and second external electrodes may be
extended to portions of the first and second main surfaces of
the ceramic body.

[0019] According to another aspect of the present disclo-
sure, a board having a multilayer ceramic capacitor mounted
thereon may include: a printed circuit board having two or
more electrode pads formed thereon; the multilayer ceramic
capacitor mounted on the printed circuit board; and a solder
connecting the electrode pads and the multilayer ceramic
capacitor, wherein the multilayer ceramic capacitor may
include: a ceramic body including dielectric layers and hav-
ing first and second main surfaces opposing each other, first
and second side surfaces opposing each other, and first and
second end surfaces opposing each other; an active layer
configured to form capacitance by including a plurality of
first and second internal electrodes disposed to face each
other with at least one of the dielectric layers interposed
therebetween and alternately exposed to the first or second
side surface; upper and lower cover layers disposed on and
below the active layer, respectively; and a first external elec-
trode disposed on the first side surface of the ceramic body
and electrically connected to the first internal electrodes and
a second external electrode disposed on the second side sur-
face and electrically connected to the second internal elec-
trodes, wherein when a thickness of the ceramic body is
defined as T and a width thereofis defined as W, 0.75W=T=1.
25W may be satisfied, when a gap between the first and
second external electrodes is defined as G, 30 um=G=0.9W
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may be satisfied, and an average number of dielectric grains in
a single dielectric layer in a thickness direction thereof may
be 2 or greater.

[0020] The lower cover layer may have a thickness of 10
um to 100 pm.
[0021] Whenthethickness ofthe ceramic body is a distance

between the first and second main surfaces, the width of the
ceramic body is a distance between the first side surface on
which the first external electrode is formed and the second
side surface on which the second external electrode is formed,
and a length of the ceramic body is a distance between the first
and second end surfaces, the distance between the first and
second side surfaces may be shorter than or equal to the
distance between the first and second end surfaces.

[0022] When the length and the width of the ceramic body
are defined as L. and W, respectively, 0.5L=W=L may be
satisfied.

[0023] Anaverage grain size of the dielectric grains may be
50 nm to 500 nm.

[0024] The first and second internal electrodes may be
spaced apart from the first and second end surfaces of the
ceramic body by a predetermined distance.

[0025] The first and second external electrodes may be
extended to portions of the first and second main surfaces of
the ceramic body.

[0026] The solder may be disposed around portions of the
first and second external electrodes of the multilayer ceramic
capacitor.

[0027] The solder may be disposed around central portions
of the first and second external electrodes of the multilayer
ceramic capacitor.

[0028] The electrode pads may include first and second
electrode pads connected to the first and second external
electrodes of the multilayer ceramic capacitor, respectively.
[0029] The first and second electrode pads may be offset to
each other in a width direction of the multilayer ceramic
capacitor.

[0030] The electrode pads may include first and second
electrode pads connected to the first external electrode of the
multilayer ceramic capacitor and third and fourth electrode
pads connected to the second external electrode of the mul-
tilayer ceramic capacitor.

BRIEF DESCRIPTION OF DRAWINGS

[0031] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0032] FIG. 1 is a perspective view showing a multilayer
ceramic capacitor according to an exemplary embodiment of
the present disclosure;

[0033] FIG.2 is a view showing a ceramic body according
to an exemplary embodiment of the present disclosure;

[0034] FIG. 3 is an exploded perspective view of FIG. 2;
[0035] FIG. 4 is a cross-sectional view taken along line
A-A'of FIG. 1,

[0036] FIG. 5 is an enlarged view of part Z of FIG. 4;
[0037] FIG. 6 is a perspective view showing a structure in

which the multilayer ceramic capacitor of FIG. 1 is mounted
on a printed circuit board;

[0038] FIG. 7 is a plan view of FIG. 6;

[0039] FIG. 8is a plan view of FIG. 6 according to another
exemplary embodiment of the present disclosure; and
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[0040] FIG. 9is aplan view of FIG. 6 according to another
exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0041] Exemplary embodiments of the present disclosure
will now be described in detail with reference to the accom-
panying drawings.

[0042] The disclosure may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclo-
sure to those skilled in the art.

[0043] In the drawings, the shapes and dimensions of ele-
ments may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like elements.

Multilayer Ceramic Capacitor

[0044] FIG. 1 is a perspective view showing a multilayer
ceramic capacitor according to an exemplary embodiment of
the present disclosure.

[0045] FIG. 2 is a view showing a ceramic body according
to an exemplary embodiment of the present disclosure.

[0046] FIG. 3 is an exploded perspective view of FIG. 2.

[0047] FIG. 4 is a cross-sectional view taken along line
A-A' of FIG. 1.
[0048] Referringto FIGS. 1 through 4, a multilayer ceramic

capacitor 100 according to an exemplary embodiment of the
present disclosure may include a ceramic body 110 including
dielectric layers 111 and having first and second main sur-
faces S1 and S2 opposing each other, first and second side
surfaces S5 and S6 opposing each other, and first and second
end surfaces S3 and S4 opposing each other; an active layer A
configured to form capacitance by including a plurality of
first and second internal electrodes 121 and 122 disposed to
face each other, having at least one of the dielectric layers 111
interposed therebetween, and alternately exposed to the first
or second side surface S5 or S6; upper and lower cover layers
112 and 113 formed on and below the active layer A; and a
first external electrode 131 formed on the first side surface S5
of'the ceramic body 110 and electrically connected to the first
internal electrode 121 and a second external electrode 132
formed on the second side surface S6 and electrically con-
nected to the second internal electrode 122, wherein when a
thickness of the ceramic body 110 is defined as T and a width
thereof is defined as W, T and W satisfy 0.75W=T=<1.25W,
when a gap between the first and second external electrodes
131 and 132 is defined as G, the gap G satisfies 30 um=G=0.
9W, and the average number of dielectric grains 111a present
in a single dielectric layer in a thickness direction thereof'is 2
or greater.

[0049] Hereinafter, a multilayer ceramic electronic compo-
nent according to an exemplary embodiment of the present
disclosure will be described. Particularly, a multilayer
ceramic capacitor will be described, but the present disclo-
sure is not limited thereto.

[0050] Referring to FIG. 1, in the multilayer ceramic
capacitor according to an exemplary embodiment of the
present disclosure, a ‘length direction’ refers to an ‘L.’ direc-
tion, a ‘width direction’ refers to a “W’ direction, and a ‘thick-



US 2014/0367152 Al

ness direction’ refers to a ‘T’ direction. Here, the ‘thickness
direction’ may be the same as a stacking direction in which
dielectric layers are stacked.

[0051] Referring to FIG. 2, in the exemplary embodiment
of'the present disclosure, the ceramic body 110 may have the
first and second main surfaces S1 and S2 opposing each other,
and the first and second side surfaces S5 and S6 and the first
and second end surfaces S3 and S4 that connect the first and
second main surfaces S1 and S2 to each other. A shape of the
ceramic body 110 is not particularly limited, but may be a
hexahedral shape as shown.

[0052] Referring to FIG. 3, a raw material forming the
dielectric layers 111 is not particularly limited as long as
sufficient capacitance may be obtained, but may be, for
example, barium titanate (BaTiO,) powder.

[0053] The material forming the dielectric layer 111 may
further contain various ceramic additives, organic solvents,
plasticizers, binders, dispersing agents, or the like, according
to intended use of the capacitor, in addition to ceramic powder
such as barium titanate (BaTiO;) powder, or the like.

[0054] An average particle size of the ceramic powder used
to form the dielectric layers 111 is not particularly limited and
may be controlled, for example, to be 400 nm or less.
[0055] A material for the first and second internal elec-
trodes 121 and 122 is not particularly limited. For example,
the first and second internal electrodes 121 and 122 may be
formed of a conductive paste including at least one of a noble
metal material such as palladium (Pd), a palladium-silver
(Pd—Ag) alloy, or the like, nickel (Ni), and copper (Cu).
[0056] The first and second internal electrodes 121 and 122
may be disposed to face each other, having at least one of the
dielectric layers 111 interposed therebetween, and may be
alternately exposed to the first or second side surface S5 or S6.
[0057] The first and second internal electrodes 121 and 122
are alternately exposed to the first or second side surface S5 or
S6, such that a reverse geometry capacitor (RGC) or low
inductance chip capacitor (LICC) may be obtained as
described below.

[0058] In a general multilayer ceramic electronic compo-
nent, external electrodes may be disposed on opposing end
surfaces of the ceramic body in a length direction thereof.
[0059] In this case, when an alternative current (AC) volt-
age is applied to the external electrodes, a current path is
relatively long, whereby an intensity of an induced magnetic
field may be increased, resulting in an increase in inductance.
[0060] In order to solve this problem, the first and second
external electrodes 131 and 132 in the exemplary embodi-
ment of the present disclosure may be disposed on the first
and second side surfaces S5 and S6 of the ceramic body 110
opposing each other in the width direction so as to reduce the
current path.

[0061] In this case, since a distance between the first and
second external electrodes 131 and 132 is relatively short, the
current path may be reduced, the current path may be reduced,
resulting in a reduction in inductance.

[0062] As described above, the first and second external
electrodes 131 and 132 may be formed on the first and second
side surfaces S5 and S6 of the ceramic body 110 opposing
each other in the width direction and may be electrically
connected to the first and second internal electrodes 121 and
122 in order to form capacitance.

[0063] The first and second external electrodes 131 and 132
may be formed of the same conductive material as that of the
first and second internal electrodes 121 and 122 but are not
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limited thereto. For example, the first and second external
electrodes 131 and 132 may be formed of a metal powder
including copper (Cu), silver (Ag), nickel (Ni), or the like.
[0064] The first and second external electrodes 131 and 132
may be formed by applying a conductive paste prepared by
adding glass frits to the metal powder and then sintering the
applied conductive paste.

[0065] A width W of the ceramic body 110 may be a dis-
tance between the first side surface S5 on which the first
external electrode 131 is formed and the second side surface
S6 on which the second external electrode 132 is formed, and
alength L of the ceramic body 110 may be a distance between
the first and second end surfaces S3 and S4.

[0066] According to the exemplary embodiment of the
present disclosure, the distance between the first and second
side surfaces 5 and 6 on which the first and second external
electrodes 131 and 132 are formed, respectively, may be less
than or equal to the distance between the first and second end
surfaces 3 and 4.

[0067] Since the distance between the first and second
external electrodes 131 and 132 is shortened, the current path
may be shortened, resulting in a reduction in inductance.
[0068] As described above, the multilayer ceramic capaci-
tor, in which the first and second external electrodes 131 and
132 are formed on the first and second side surfaces 5 and 6 of
the ceramic body 110, may be a reverse geometry capacitor
(RGC) or low inductance chip capacitor (LICC).

[0069] Referring to FIG. 4, the ceramic body 110 may
include the active layer A contributing to forming capacitance
of'the capacitor and the upper and lower cover layers 112 and
113 formed on and below the active layer A, respectively, as
upper and lower margin parts.

[0070] The active layer A may be formed by repeatedly
stacking the plurality of first and second internal electrodes
121 and 122, having at least one of the dielectric layers 111
interposed therebetween.

[0071] Meanwhile, in the multilayer ceramic capacitor
according to the exemplary embodiment of the present dis-
closure, when the thickness and the width of the ceramic body
110 are defined as T and W, respectively, 0.75W=T=<1.25W
may be satisfied.

[0072] Acoustic noise may be reduced by controlling the
thickness T and the width W of the ceramic body 110 to
satisty 0.75W=T=<1.25W.

[0073] In the case in which the thickness T of the ceramic
body is less than 0.75W, target capacitance may not be gen-
erated in the multilayer ceramic capacitor.

[0074] In the case in which the thickness T of the ceramic
body 110 is greater than 1.25W, the multilayer ceramic
capacitor may be inclined when being mounted on a board,
whereby a mounting defect may occur.

[0075] Meanwhile, when the gap between the first and sec-
ond external electrodes 131 and 132 is defined as G, 30
um=G=0.9W may be satisfied.

[0076] Acoustic noise may be reduced by controlling the
gap G between the first and second external electrodes 131
and 132 to satisfy 30 um=G=0.9W.

[0077] Inthe case in which the gap G between the first and
second external electrodes 131 and 132 is less than 30 um, the
G between the first and second external electrodes 131 and
132 is excessively narrow, such that a short circuit may occur.
[0078] Inthe case in which the gap G between the first and
20 second external electrodes 131 and 132 is greater than
0.9W, a width of the first and second external electrodes 131
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and 132 may be reduced to thereby reduce a mounting area
when being mounted on the board, causing a defect resulting
from poor adhesive strength.

[0079] Further, when the length and width of the ceramic
body 110 are defined as L. and W, respectively, 0.5L=W=<L
may be satisfied. However, the present disclosure is not lim-
ited thereto.

[0080] Inductance of the multilayer ceramic capacitor may
be reduced by controlling the length and the width of the
ceramic body to satisfy 0.5L=W=xL..

[0081] Therefore, low inductance may be implemented in
the multilayer ceramic electronic component according to the
exemplary embodiment of the present disclosure, whereby
electric performance may be improved.

[0082] Meanwhile, according to the exemplary embodi-
ment of the present disclosure, the thickness of the lower
cover layer 113 may be 10 um to 100 um.

[0083] When the thickness of the lower cover layer 113 is
controlled to be 10 pm to 100 pm, acoustic noise may be
reduced and excellent reliability may be implemented in the
multilayer ceramic capacitor.

[0084] In the case in which the thickness of the lower cover
layer 113 is less than 10 pm, such an excessively thin cover
layer may result in the occurrence of a moisture resistance
defect.

[0085] In the case in which the thickness of the lower cover
layer 113 is greater than 100 um, acoustic noise may be
rapidly increased due to displacement of the lower cover
layer.

[0086] A thickness of the upper cover layer 112 is not
particularly limited, and may be equal to or similar to that of
the lower cover layer 113. The thickness of the upper cover
layer 112 may be within a range preventing the occurrence of
the moisture resistance defect.

[0087] FIG. 5 is an enlarged view of part Z of FIG. 4.
[0088] Referringto FIG. 5, the average number of dielectric
grains 111a present in a single dielectric layer 111 in a thick-
ness direction thereof may be 2 or greater.

[0089] Acoustic noise may be reduced by controlling the
average number of dielectric grains 111a present in the single
dielectric layer in the thickness direction thereof to be 2 or
greater.

[0090] Inthecasein which the average number of dielectric
grains 111a in the single dielectric layer 111 in the thickness
direction thereof is less than 2, the number of grain bound-
aries is reduced, and when voltage is applied to the internal
electrodes, a displacement of the dielectric layer may be
increased, resulting in an increase in a displacement of the
multilayer ceramic capacitor, whereby acoustic noise may be
increased.

[0091] Meanwhile, an average grain size of the dielectric
grains 111a may be 50 nm to 500 nm.

[0092] Acoustic noise may be reduced by controlling the
average grain size of the dielectric grains 111a to be 50 nm to
500 nm.

[0093] In the case in which the average grain size of the
dielectric grains 111a is less than 50 nm, such an excessively
small grain size may cause a reduction in permittivity,
whereby target capacitance of the multilayer ceramic capaci-
tor required by a power terminal may not be generated.
[0094] In the case in which the average grain size of the
dielectric grains 111a is greater than 500 nm, such an exces-
sively large grain size may increase a region in which a single
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dielectric grain occupies in a single dielectric layer, whereby
acoustic noise may be increased.

[0095] A method of measuring the average number of the
dielectric grains 111a in the single dielectric layer in the
thickness direction thereof and the average grain size of the
dielectric grains 111a is not particularly limited, but the aver-
age number and the average grain size of the dielectric grains
111a may be measured from an image obtained by scanning
a cross-section of the ceramic body 110 in the width direction
thereof using a scanning electron microscope (SEM) as
shown in FIG. 4.

[0096] Forexample, as shown in FIG. 4, with respect to any
dielectric layer randomly selected from an image obtained by
scanning a cross-section of the ceramic body 10 in width-
thickness (W-T) directions thereof after being cut in a central
portion of the ceramic body 10 in the length (L) direction
thereof, using a scanning electron microscope (SEM), the
average number of the dielectric grains 111a in the single
dielectric layer and the average grain size of the dielectric
grains 11a¢ may be measured at thirty equidistant points
thereof.

[0097] The thirty equidistant points may be disposed in the
active layer A, in which the internal electrodes 121 and 122
are overlapped with each other.

[0098] The first and second internal electrodes 121 and 122
may be spaced part from the first and second end surfaces S3
and S4 of the ceramic body 110 by a predetermined distance,
but are not limited thereto.

[0099] Meanwhile, the first and second external electrodes
131 and 132 may be extended to portions of the first and
second main surfaces S1 and S2 of the ceramic body, but are
not limited thereto.

[0100] Hereinafter, a method of manufacturing a multilayer
ceramic capacitor according to an exemplary embodiment of
the present disclosure will be described, but is not limited
thereto.

[0101] In the method of manufacturing the multilayer
ceramic capacitor according to the exemplary embodiment of
the present disclosure, first, slurry containing powder such as
barium titanate (BaTiO,) powder, or the like, may be applied
to carrier films and dried to prepare a plurality of ceramic
green sheets, thereby forming dielectric layers.

[0102] The ceramic green sheet may be manufactured by
mixing the ceramic powder, a binder, and a solvent to prepare
the slurry and forming the prepared slurry as sheets having a
thickness of several um by a doctor blade method.

[0103] Next, a conductive paste for internal electrodes may
be prepared to contain 40 to 50 parts by weight of nickel
powder, in which an average particle size of nickel powder is
0.1 pm to 0.2 pm.

[0104] After the conductive paste for internal electrodes is
applied to the green sheets through a screen printing method
to form internal electrodes, 400 to 500 green sheets on which
the internal electrodes have been formed may be stacked to
form an active layer, and then the ceramic green sheets may be
stacked on and below the active layer to form cover layers,
thereby forming a ceramic body having first and second main
surfaces opposing each other, first and second side surfaces
opposing each other, and first and second end surfaces oppos-
ing each other.

[0105] Then, first and second external electrodes may be
formed on the first and second side surfaces of the ceramic
body.
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[0106] Hereafter, although the present disclosure will be
described in detail with reference to Inventive Examples, the
present inventive concept is not limited thereto.

Experimental Example

[0107] Multilayer ceramic capacitors according to Inven-
tive Examples and Comparative Examples were manufac-
tured as follows.

[0108] Slurry containing powder such as barium titanate
(BaTi0,), or the like, was applied to carrier films and dried to
prepare a plurality of ceramic green sheets having a thickness
of 1.8 um.

[0109] Next, a nickel conductive paste for internal elec-
trodes was applied to the ceramic green sheets using a screen
to form internal electrodes.

[0110] About 200 ceramic green sheets were stacked to
form a multilayer body. Here, the number of ceramic green
sheets having no internal electrode disposed at a lower por-
tion of the multilayer body below the stacked ceramic green
sheets having the internal electrodes formed therecon was
greater than the number of ceramic green sheets having no
internal electrode disposed at an upper portion of the multi-
layer body above the stacked ceramic green sheets having the
internal electrodes formed thereon. Isostatic pressing was
performed on the multilayer body at 85° C. and 1000 kgf/cm?.
[0111] The pressed ceramic multilayer body was cut into
individual chips, and each chip was subjected to a de-binding
process by being maintained at 230° C. for 60 hours under air
atmosphere.

[0112] Then, the chip was sintered at 1200° C. under reduc-
tion atmosphere having oxygen partial pressure of 10~'* atm
to 10719 atm lower than Ni—NiO equilibrium oxygen partial
pressure so that the internal electrodes were not oxidized.
After sintering, a size of the multilayer chip capacitor was
about 1.0 mmx0.5 mm (LengthxWidth (LxW), 1005 size).
Here, a manufacturing tolerance was within a range of +0.1
mm (LengthxWidth (LxW)), and experiments were per-
formed on samples satisfying such a tolerance range to test
acoustic noise, moisture resistance, mounting defects and
adhesion strength of each sample.

[0113] The following Tables 1 through 3 shows an acoustic
noise measurement value, the occurrence of moisture resis-
tance defects, and the occurrence of mounting defects accord-
ing to a ratio (T/W) of a thickness T to a width W of the
multilayer ceramic capacitor and a thickness of a lower cover
layer.

[0114] Here, the experiments were performed in a state in
which the average number of dielectric grains in a single
dielectric layer in a thickness direction thereof was about 2.

TABLE 1
THICKNESS
OF LOW
COVER  ACOUSTIC MOISTURE
LAYER NOISE  RESISTANCE MOUNTING
W [um] [dB] DEFECT DEFECT
5 215 X ®
10 226 O ®
20 231 ® ®
30 237 ® ®
40 238 ® ®
50 242 ® ®
1.0 60 253 ® ®
70 26.1 ® ®
80 26.6 ® ®
90 269 ® ®
100 27.6 ® ®
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TABLE 1-continued

THICKNESS
OF LOW
COVER ACOUSTIC MOISTURE
LAYER NOISE RESISTANCE MOUNTING
W [nm] [dB] DEFECT DEFECT
120 33.2 © ©
150 36.4 © ©
X: Defect Rate of 50% or greater
A: Defect Rate of 1% to 50%
O: Defect Rate of 0.01% to 1%
®: Defect Rate less than 0.01%
TABLE 2
THICKNESS
OF LOW
COVER ACOUSTIC MOISTURE
LAYER NOISE RESISTANCE MOUNTING
W [nm] [dB] DEFECT DEFECT
5 20.7 X ©
10 21.4 O ©
20 225 © ©
30 229 ®© ®©
40 229 © ©
50 23.9 © ©
1.25 60 242 © ©
70 25.7 ®© ®©
80 259 © ©
90 26.2 © ©
100 27.9 © ©
120 33.4 ®© ®©
150 34.1 © ©
X: Defect Rate of 50% or greater
A: Defect Rate of 1% to 50%
O: Defect Rate of 0.01% to 1%
©: Defect Rate less than 0.01%
TABLE 3
THICKNESS
OF LOW
COVER ACOUSTIC MOISTURE
LAYER NOISE RESISTANCE MOUNTING
W [nm] [dB] DEFECT DEFECT
5 20.4 X X
10 215 O X
20 22.7 © X
30 23.1 © X
40 23.7 ®© X
50 245 ®© X
1.30 60 24.9 © X
70 252 © X
80 25.6 ®© X
90 259 ®© X
100 27.7 © X
120 33.7 © X
150 36.1 ®© X

X: Defect Rate of 50% or greater
A: Defect Rate of 1% to 50%

O: Defect Rate of 0.01% to 1%
®: Defect Rate less than 0.01%

[0115] Referring to Tables 1 through 3, it can be seen that in
the case in which the thickness T and the width W of the
ceramic body satisfied 0.75W=T=1.25W, acoustic noise was
reduced.

[0116] Particularly, it can be seen from Table 3 that in the
case in which the thickness T of the ceramic body was 1.30W,
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the mounting defect that the multilayer ceramic capacitor was
inclined when being mounted on a board occurred.

[0117] Further, referring to Tables 1 through 3, it can be
seen that in the case in which the thickness of the lower cover
layer was 10 um to 100 pm, acoustic noise was reduced and
reliability was excellent.

[0118] It can be seen that in the case in which the thickness
of the lower cover layer was 5 um, which was out of the
above-mentioned numerical range, there was a problem in
reliability due to the moisture resistance defect, and in the
cases in which the thickness of the lower cover layer was 120
um or 150 um, acoustic noise was increased.

[0119] The following Tables 4 shows an acoustic noise
measurement value, the occurrence of moisture resistance
defects, and the occurrence of mounting defects according to
a ratio (T/W) of a thickness T to a width W of a multilayer
ceramic capacitor and a thickness of a lower cover layer, in
the case in which the average number of dielectric grains in a
single dielectric layer in a thickness direction thereof was less
than

TABLE 4
THICKNESS
OF LOW
COVER  ACOUSTIC MOISTURE
LAYER NOISE  RESISTANCE MOUNTING
W [um] [dB] DEFECT DEFECT
5 26.7 X ®
10 271 O ®
20 277 ® ®
30 285 ® ®
40 288 ® ®
50 29.1 ® ®
1.0 60 30.6 ® ®
70 313 ® ®
80 31.6 ® ®
90 323 ® ®
100 325 ® ®
120 38.1 ® ®
150 40.0 ® ®

X: Defect Rate of 50% or greater
A: Defect Rate of 1% to 50%

O: Defect Rate of 0.01% to 1%
©: Defect Rate less than 0.01%

[0120] Referring to Table 4, it can be seen that in the case in
which the average number of the dielectric grains 111a in a
single dielectric layer in the thickness direction thereof was
less than 2, the number of grain boundaries was reduced, and
when voltage was applied to the internal electrodes, a dis-
placement of the dielectric layer was increased, resulting in
an increase in a displacement of the multilayer ceramic
capacitor, whereby acoustic noise was increased.

[0121] The following Table 5 shows an acoustic noise mea-
surement value, and the occurrence of mounting defects and
adhesion strength defect according to the width W of the
multilayer ceramic capacitor and a gap G between first and
second external electrodes.

TABLE 5

GAP(G) MOUNT-

BETWEEN ACOUSTIC  ING

EXTERNAL NOISE ~ DEFECT ADHESION
W [um] ELECTRODES G/W [dB] (SHORT) STRENGTH
650 25 0.04 21.7 X ®
650 30 0.05 22.0 O ®
650 40 0.08 221 O ®
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TABLE 5-continued

GAP(G) MOUNT-

BETWEEN ACOUSTIC  ING

EXTERNAL NOISE ~ DEFECT ADHESION
W [um] ELECTRODES G/W [dB] (SHORT) STRENGTH
650 50 0.12 225 ® ®
650 80 0.18 23.1 ® ®
650 120 0.25 23.6 ® ®
650 160 0.32 245 ® ®
650 210 0.40 24.9 ® ®
650 260 0.48 25.2 ® ®
650 310 0.55 25.6 ® ®
650 450 0.69 25.9 ® O
650 550 0.85 25.9 ® O
650 580 0.89 26.2 ® O
650 620 0.95 26.5 ® X

X: Defect Rate of 50% or greater
A: Defect Rate of 1% to 50%

O: Defect Rate of 0.01% to 1%
®: Defect Rate less than 0.01%

[0122] Referringto Table 5, it can be seen that in the case in
which the gap G between the first and second external elec-
trodes satisfied 30 um=G=0.9W, acoustic noise was reduced
and reliability was excellent.

[0123] It can be seen that in the case in which the gap G
between the first and second external electrodes was less than
30 um, that is, the gap G was 25 pum, the short defect occurred.
[0124] Meanwhile, it can be seen that in the case in which
the gap G between the first and second external electrodes
was greater than 0.9W, that is, the gap G was 0.95W, adhesion
strength was low when the multilayer ceramic capacitor was
mounted on a board, resulting in a defect.

Board Having Multilayer Ceramic Capacitor Mounted
Thereon

[0125] FIG. 6 is a perspective view showing a structure in
which the multilayer ceramic capacitor of FIG. 1 is mounted
on a printed circuit board.

[0126] FIG. 7 is a plan view of FIG. 6.

[0127] FIG. 8 is a plan view of FIG. 6 according to another
exemplary embodiment of the present disclosure.

[0128] FIG. 9is aplan view of FIG. 6 according to another
exemplary embodiment of the present disclosure.

[0129] Referring to FIGS. 6 and 7, a board 200 having the
multilayer ceramic capacitor 100 mounted thereon according
to this exemplary embodiment may include a printed circuit
board 210 on which the multilayer ceramic capacitor 100 is
horizontally mounted, and two or more electrode pads 221
and 222 formed on the printed circuit board 210 to be spaced
apart from each other.

[0130] The electrode pads may include first and second
electrode pads 221 and 222 connected to the first and second
external electrodes 131 and 132 of the multilayer ceramic
capacitor 100, respectively.

[0131] In this case, the multilayer ceramic capacitor 100
may be electrically connected to the printed circuit board 210
by a solder 230 in a state in which the lower cover layer 113
is disposed downwards and the first and second external elec-
trodes 131 and 132 are positioned to contact the first and
second electrode pads 221 and 222, respectively.

[0132] In the board 200 having the multilayer ceramic
capacitor 100 mounted thereon according to another exem-
plary embodiment of the present disclosure, the solder 230
may be formed on portions of the first and second external
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electrodes 131 and 132 of the multilayer ceramic capacitor
100, but is not limited thereto.

[0133] Particularly, referring to FIGS. 6 and 7, the solder
230 may be disposed around central portions of the first and
second external electrodes 131 and 132 of the multilayer
ceramic capacitor 100.

[0134] When voltage is applied in a state in which the
multilayer ceramic capacitor 100 is mounted on the printed
circuit board 210 as described above, acoustic noise may be
generated.

[0135] Here, sizes ofthe firstand second electrode pads 221
and 222 may become an indicator for determining an amount
of the solder 230 connecting the first and second external
electrodes 131 and 132 of the multilayer ceramic capacitor
100 to the first and second electrode pads 221 and 222, and a
level of the acoustic noise may be controlled according to the
amount of the solder 230.

[0136] When voltages having different polarities are
applied to the first and second external electrodes 131 and 132
formed on both side surfaces of the multilayer ceramic
capacitor 100 in a state in which the multilayer ceramic
capacitor 100 is mounted on the printed circuit board 210, the
ceramic body 110 may be expanded and contracted in a
thickness direction by an inverse piezoelectric effect of the
dielectric layers 111, and both side portions of the ceramic
body 110 having the first and second external electrodes 131
and 132 formed thereon may be contracted and expanded by
a poisson effect as opposed to the expansion and contraction
of the ceramic body 110 in the thickness direction.

[0137] More specifically, the contraction and expansion of
the ceramic body may occur with a displacement of about 20
nm in the thickness direction of the multilayer ceramic
capacitor, a displacement of about 4 nm in the length direction
thereof, and a displacement of about 2 nm in the width direc-
tion thereof.

[0138] Here, in the multilayer ceramic capacitor according
to the exemplary embodiment of the present disclosure, since
the first and second external electrodes are formed on both
side surfaces of the ceramic body in the width direction of the
multilayer ceramic capacitor, displacement in contraction
and expansion may be significantly decreased, whereby
acoustic noise may be reduced.

[0139] Referring to FIG. 8, in another exemplary embodi-
ment of the present disclosure, the electrode pads may include
first and second electrode pads 221" and 222' connected to the
first external electrode 131 of the multilayer ceramic capaci-
tor 100 and third and fourth electrode pads 223' and 224
connected to the second external electrode 132.

[0140] According to the exemplary embodiment of the
present disclosure shown in FIG. 8, two electrode pads for the
same external electrode are spaced apart from each other, so
that a difference in displacement of contraction and expan-
sion may be decreased, whereby an effect of reducing acous-
tic noise may be further excellent.

[0141] Referring to FIG. 9, according to another exemplary
embodiment of the present disclosure, first and second elec-
trode pads 221" and 222" may be offset to each other in the
width direction of the multilayer ceramic capacitor.

[0142] According to the exemplary embodiment of the
present disclosure shown in FIG. 9, since the first and second
electrode pads 221" and 222" may be offset to each other in
the width direction of the multilayer ceramic capacitor, con-
traction and expansion may be offset to each other, such that
an effect of reducing acoustic noise may be further excellent.
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[0143] As set forth above, according to exemplary embodi-
ments of the present disclosure, since a gap between external
electrodes is relatively short, an amount of vibrations gener-
ated in a multilayer ceramic capacitor transferred to a board
may be reduced, whereby acoustic noise may be reduced.
[0144] Further, when the multilayer ceramic capacitor is
mounted on the board, a mounting area may be reduced.
[0145] While exemplary embodiments have been shown
and described above, it will be apparent to those skilled in the
art that modifications and variations could be made without
departing from the spirit and scope of the present disclosure
as defined by the appended claims.

What is claimed is:

1. A multilayer ceramic capacitor, comprising:

a ceramic body including dielectric layers and having first
and second main surfaces opposing each other, first and
second side surfaces opposing each other, and first and
second end surfaces opposing each other;

an active layer including a plurality of first and second
internal electrodes disposed to face each other with at
least one of the dielectric layers interposed therebetween
and alternately exposed to the first or second side sur-
face;

upper and lower cover layers disposed on and below the
active layer, respectively; and

afirst external electrode disposed on the first side surface of
the ceramic body and electrically connected to the first
internal electrodes and a second external electrode dis-
posed on the second side surface and electrically con-
nected to the second internal electrodes,

wherein when a thickness of the ceramic body is defined as
T and a width thereof is defined as W, 0.75W<T<1.25W
is satisfied,

when a gap between the first and second external electrodes
is defined as G, 30 um=G=0.9W is satisfied, and

an average number of dielectric grains in a single dielectric
layer in a thickness direction thereof is 2 or greater.

2. The multilayer ceramic capacitor of claim 1, wherein the

lower cover layer has a thickness of 10 um to 100 pm.

3. The multilayer ceramic capacitor of claim 1, wherein
when the thickness of the ceramic body is a distance between
the first and second main surfaces, the width of the ceramic
body is a distance between the first side surface on which the
first external electrode is formed and the second side surface
onwhich the second external electrode is formed, and a length
of'the ceramic body is a distance between the first and second
end surfaces, the distance between the first and second side
surfaces is shorter than or equal to the distance between the
first and second end surfaces.

4. The multilayer ceramic capacitor of claim 3, wherein
when the length and the width of the ceramic body are defined
as [ and W, respectively, 0.5L.=W<L is satisfied.

5. The multilayer ceramic capacitor of claim 1, wherein an
average grain size of the dielectric grains is 50 nm to 500 nm.

6. The multilayer ceramic capacitor of claim 1, wherein the
first and second internal electrodes are spaced apart from the
first and second end surfaces of the ceramic body by a prede-
termined distance.

7. The multilayer ceramic capacitor of claim 1, wherein the
first and second external electrodes are extended to portions
of the first and second main surfaces of the ceramic body.

8. A board having a multilayer ceramic capacitor mounted
thereon, the board comprising:
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a printed circuit board having two or more electrode pads

formed thereon;

the multilayer ceramic capacitor mounted on the printed

circuit board; and

a solder connecting the electrode pads and the multilayer

ceramic capacitor,

wherein the multilayer ceramic capacitor includes:

ceramic body including dielectric layers and having first

and second main surfaces opposing each other, first and
second side surfaces opposing each other, and first and
second end surfaces opposing each other;

an active layer including a plurality of first and second

internal electrodes disposed to face each other with at
least one of the dielectric layers interposed therebetween
and alternately exposed to the first or second side sur-
face;

upper and lower cover layers disposed on and below the

active layer, respectively; and

afirstexternal electrode disposed on the first side surface of

the ceramic body and electrically connected to the first
internal electrode and a second external electrode dis-
posed on the second side surface and electrically con-
nected to the second internal electrode,

when a thickness of the ceramic body is defined as T and a

width thereof is defined as W, 0.75W<=T<1.25W is sat-
isfied,

when a gap between the first and second external electrodes

is defined as G, 30 um=G=0.9W is satisfied, and

an average number of dielectric grains in a single dielectric

layer in a thickness direction thereof is 2 or greater.

9. The board of claim 8, wherein the lower cover layer has
a thickness of 10 um to 100 um.

10. The board of claim 8, wherein when the thickness of the
ceramic body is a distance between the first and second main
surfaces, the width of the ceramic body is a distance between
the first side surface on which the first external electrode is
formed and the second side surface on which the second
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external electrode is formed, and a length of the ceramic body
is a distance between the first and second end surfaces, the
distance between the first and second side surfaces is shorter
than or equal to the distance between the first and second end
surfaces.

11. The board of claim 10, wherein when the length and the
width of the ceramic body are defined as [ and W, respec-
tively, 0.5L=W=L is satisfied.

12. The board of claim 8, wherein an average grain size of
the dielectric grains is 50 nm to 500 nm.

13. The board of claim 8, wherein the first and second
internal electrodes are spaced apart from the first and second
end surfaces of the ceramic body by a predetermined dis-
tance.

14. The board of claim 8, wherein the first and second
external electrodes are extended to portions of the first and
second main surfaces of the ceramic body.

15. The board of claim 8, wherein the solder is disposed
around portions of the first and second external electrodes of
the multilayer ceramic capacitor.

16. The board of claim 8, wherein the solder is disposed
around central portions of the first and second external elec-
trodes of the multilayer ceramic capacitor.

17. The board of claim 8, wherein the electrode pads
include first and second electrode pads connected to the first
and second external electrodes of the multilayer ceramic
capacitor, respectively.

18. The board of claim 17, wherein the first and second
electrode pads are offset to each other in a width direction of
the multilayer ceramic capacitor.

19. The board of claim 8, wherein the electrode pads
include:

first and second electrode pads connected to the first exter-

nal electrode of the multilayer ceramic capacitor; and
third and fourth electrode pads connected to the second
external electrode of the multilayer ceramic capacitor.
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